The base of the Cambrian System is recognised by a characteristic (marine) trace fossil suite assigned to the Treptichnus pedum Biozone that signals increasing complexity of animal behaviour, and demarcates the Cambrian from the (older) Ediacaran System (Proterozoic Eonathem). Ichnotaxa of the T. pedum Biozone are not the earliest trace fossils, and are preceded in the latest Proterozoic by a progressive increase in the diversity of trace-producing organisms and the communities they comprised, the structural and behavioural complexity of the trace fossils, and even the depth of burrowing in sediments. Parallels can be drawn with the increasing complexity of subsurface structures associated with human cities, which also reflect evolution of an increasingly complex community. Prior to the 19 th century these structures were limited and simple, but beginning with the development of London in the mid-19 th century as the world's first megacity, subsurface structures have become increasingly complex, reflecting the technologydriven behaviour of 20 th and 21 st century humans.
Keywords: Cambrian, Anthropocene, trace fossils, animal behaviour This paper examines the similarity between the evolution of complex animal behaviour whose trace fossil record is used to recognise the base of the Cambrian System 541 ± 0.63 million years ago (Peng et al. 2012) , and the complex animal behaviour of the 19 th to 21 st centuries that is manifested in the growth of megacities (those urban areas with populations greater than 10 million inhabitants). This physical record of human activity could be used in defining, for instance, the base of a formal Anthropocene Epoch/Series.
Definition of the base of the Cambrian
The Cambrian is the earliest period/lowermost system of the Phanerozoic Eon/Eonathem. The base of the system and of its lowermost Terreneuvian Series and very lowest Fortunian Stage (Landing et al. 2007 ) is recognised by the lowest occurrence of a globally widespread trace fossil suite referred to the Treptichnus pedum Biozone at its Global Boundary Stratotype Section and Point (GSSP). This GSSP of the Cambrian is defined at a horizon located 2.4 m above the base of the lower Mystery Lake Member of the Chapel Island Formation on the Burin Peninsula of southeastern Newfoundland (Brasier et al. 1994; Landing 1994) . The subhorizontal, branching burrow systems of T. pedum (Fig. 1 , also referred to as
Trichophycus pedum or Phycodes pedum in many reports) may represent the feeding and burrowing activity of priapulid worms or of an organism with similar locomotion (Vannier et al. 2010) .
Treptichnus pedum occurs in rock successions characterised by trace fossils that signal a progressive increase in animal behaviour more complex than that of the preceding (end-Proterozoic) Ediacaran System, and which, for example, include the arthropod scratch marks called Monomorphichnus (Jensen 2003) . Although T.
pedum has subsequently been recorded some 4 metres below the EdiacaranCambrian GSSP (see Gehling et al. 2001) , the occurrence of this trace fossil nonetheless remains a useful approximate marker for the base of the Cambrian System (MacNaughton 2007). The ichnofauna of the T. pedum Biozone form part of the global fossil record of increasing complexity of marine ecosystems and organism behaviour that developed through the late Proterozoic and early Phanerozoic ( Fig. 2), with the appearance of the soft-bodied Ediacaran biota some 580 million years ago (e.g., Yuan et al. 2011 ) and the earliest biomineralised fossils 549 million years ago (Wood et al. 2002; Zhuravlev et al. 2012) . The earliest occurrence of T. pedum greatly preceded the global appearance of diverse mineralised (calcareous and phosphatic) small shelly fossils and, even later, the oldest trilobites (Fig. 2) .
The Cambrian was defined with an underlying premise that it was the period during which Bilateria first evolved from simpler metazoan life. But without preservable hard-parts, evidence of such soft-bodied bilaterian organisms is restricted to preservation of their traces (ichnofossils), which are classified using the same binomial Linnaean system (i.e., Genus species, as Homo sapiens) as body fossils. Hence, definition of the system followed a route of a broad palaeontological concept of increasing biological (ecological and behavioural) complexity at the boundary, but that the boundary itself was recognised by the lowest appearance of a single representative ichnofauna.
However, in detail this fossil record is more nuanced. Bilateria fossils such as Kimberella (Fedonkin & Waggoner 1997) ; bilaterian, possibly arthropod, trace fossils (Martin et al. 2000) ; and trace fossils of bilaterian worms (Dornbos et al. 2005 ) occur coincident with Ediacaran assemblages in strata younger than 560 million years old.
Treptichnid trace fossils that record simpler behavioural activity than that in
Treptichnus pedum occur in strata younger than 550 million years (Jensen 2003) .
What specifically identifies the base of the Cambrian System, and of the Phanerozoic Eonathem, is the assemblage of complex behavioural patterns that are coincident with the widespread occurrence of T. pedum. The global changes in marine burrowing organism communities record the diversification, and perhaps origination, of many modern coelomate metazoans early in the Cambrian Evolutionary Radiation, as well as a major change in the world ocean, which included the recycling of nutrients back into the water column by burrowing animals (Landing & Westrop 2004; Brasier et al. 2011) It is important to remember that firstly, by recognising the base of a system through the first appearance of an ichnofauna at a specific locality, there is the possibility that globally, the onset of the T. pedum assemblage is diachronous. In some sections it may be that the first development of this trace fossil assemblage occurs later than at the GSSP. Even more importantly, it is important to understand that even with the best and most thorough study, the recorded range of any fossil invariably underestimates its actual range in every section (Marshall 1990 )-thus even the range of Treptichnus pedum has proved to appear below the Cambrian GSSP at Fortune Head, eastern Newfoundland (Gehling et al. 2001) . For this reason, Landing et al. (2007) Cities, and specifically megacities, account for a comparatively small percentage of the global distribution of environments.
However, as seen with the definition of the Cambrian, the indicator trace fossil event is also likely to be diachronous and representative of a particular set of environmental parameters. These do not represent suitable arguments against using the development of large-scale trace fossils in the evolution of megacities as an indicator for the start of the Anthropocene. This definition is comparable to that used to define the base of the Cambrian-in which a significant biological-environmental signature was recognized and then an event defined, which is the lowest occurrence of a trace fossil, to specify the base of a chronostratigraphic unit. Evidence from historical records, the introduction of novel minerals (Zalasiewicz et al. this volume b) or artefacts (Ford et al. this volume) make dating of the Anthropocene interval possible to an annual or decadal accuracy, which is five or six orders of magnitude more precise than currently possible for the base of the Cambrian.
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